Spontaneous resolution of a large renal stone burden in adults is a rare occurrence with few reports in the last 50 years. Improved imaging techniques and understanding of the pharmacology of dissolution therapy have led to a better understanding of which stones have the potential for spontaneous passage or targeted dissolution via medical treatment. Less is known regarding stone outcomes in children, and anecdotes of pediatric patients spontaneously passing large stones has been widely propagated. Here we report a case of spontaneous resolution of a large renal stone burden in a child with a congenital solitary kidney.
Introduction
The management of pediatric nephrolithiasis has evolved rapidly over the last several decades due to the dramatic worldwide increase in incidence [1] . Detection via enhanced imaging techniques has provided the ability to determine which stones may pass spontaneously, most likely with stones less than 3mm [2] , or could be managed conservatively with dissolution therapy. Dissolution therapy takes advantage of the physiological properties of the kidney in order to alter the chemical environment within the nephron. Stone dissolution could occur spontaneously if the physiological conditions within the kidney were altered due to factors other than medical intervention. There is not extensive research or case studies on the spontaneous dissolution of stones, with the most notable cases occurring greater than 50 years ago [3] . Below we report the first case of the spontaneous resolution of a large kidney stone burden in a pediatric patient with a congenital solitary kidney.
Case report
A 10-year-old Caucasian boy presented acutely with a one-day history of fevers, nonbilious, non-bloody emesis, and worsening (Fig. 2) . Findings were consistent on renal bladder ultrasound. Concern for obstructive pyelonephritis and obstructive uropathy prompted a urine culture, the administration of piperacillin/tazobactam, and ureteral stent placement. Antibiotics were transitioned to ceftriaxone and his acute kidney injury and leukocytosis resolved over the next several days. Urine culture returned 2,000 cfu/mL of gram-negative growth, no speciation. He was discharged home on POD#5 with a course of trimethoprim/sulfamethoxazole and plans for definitive stone treatment by ureteroscopy two weeks later. The patient tolerated his stent through the day of his ureteroscopy, 17 days after initial presentation. Parents denied the presence of any stones in the patient's diapers. Intraoperatively, cystoscopy with retrograde pyelogram revealed no filling defects. During ureteroscopy no stones or anatomic abnormalities were noted. A urinalysis revealed a urine pH of 7.0. A 24-hour urine collection obtained on the first postoperative day revealed hypocitraturia with a pH of 7.1 and a total volume of 700 mL. Serum uric acid was 3.7 μmol/L. An ultrasound of the left kidney was performed on post-operative day 2 and was negative for any identifiable stone burden or hydronephrosis (Fig. 3) . At a four-week follow-up appointment the patient had no new complaints or indications of stone recurrence. 
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Discussion
Our patient presented with an obstructive uropathy secondary to a heavy stone burden, which spontaneously and completely resolved within 2.5 weeks. The two rational explanations are that the stones either passed or dissolved. Passage seems unlikely given the volume of stone burden and stone size, however, despite a paucity of literature some urologists would argue that pediatric patients are able to pass large stones. Dissolution appears to be the only feasible solution, despite the fact that no attempt was made to alkalinize his urine. In a study of 80 patients, spontaneous stone passage was observed in 34% of patients younger than 10 years and 29% of patients 10 years or older. Mean size of passed stones was 3.2 mm in the younger group and 2.5 mm in the older group [4] . Similar findings were noted in a retrospective analysis of 119 prepubertal children with symptomatic urolithiasis [5] . The specific time needed to pass the stones was not reported, but all stones were passed within 6 months. Given our patient's heavy renal stone burden it is unlikely that the stones passed spontaneously within 2.5 weeks. The more probable explanation is that the stones had spontaneously dissolved. This would have been most likely if the patient's stones were milk of calcium or uric acid. Milk of calcium stones are a viscous colloidal suspension of calcium salts commonly associated with a calyceal diverticulum. On radiographs, milk of calcium stones are faintly opaque or radiolucent, in dependent positions with possible semi-lunar pattern or layering, and have HU ranging from 114-612 [6] . Our patient's stones were well formed without any evidence of layering or semilunar shape. The only characteristic consistent with our patient is the density as measured by HU, making milk of calcium stones unlikely. Dissolution of stones most commonly occurs with uric acid stones, however, in children, only approximately 1% of stones are uric acid [7] . Risk factors for uric acid stone formation include low volume of urine output and acidic urine; both promote uric acid precipitation. At a pH greater than 6.5 up to 90% of uric acid is soluble in urine, which serves as the rationale for the dissolution therapy of uric acid stones. For our patient, the urine pH of 5.0 on initial presentation and low HU on CT scan would suggest that his were uric acid stones. The time between the initial presentation and the observed resolution of the stones is also much shorter than what has been observed previously. In reported cases the time for stone dissolution ranged from several months to several years [3] . However, an in vitro study evaluating the dissolution kinetics of uric acid calculi estimated that at a constant pH of 7.0, the time for complete in vivo dissolution is 4.4 days for 1 cm of stone burden [8] . Based on the imaging obtained for our patient, he had an estimated 4 cm of stone burden. In an ideal environment our patient's stones could have spontaneously dissolved in approximately 18 days. Given the 17 days between initial presentation and definitive ureteroscopy it is feasible that the patient's stones spontaneously dissolved.
In children who present with stones, 34-50% will be found to have some underlying metabolic cause [9] . His only abnormality seen on 24-hour urine collection was hypocitraturia. Citrate acts as a urinary inhibitor of the crystallization of several stone-forming salts, and hypocitraturia can be found in up to 20% to 60% of stone formers [10] . While it is a potential factor in the formation of stones in this patient, it does not aid in explaining the spontaneous resolution of a heavy stone burden. Lastly, the only interventions prior to negative ureteroscopy were antibiotic therapy and stent placement. Trimethoprim is a weak base, with 50% to 60% being excreted in the urine within 24 hours [11] . It is possible that this weak base had some effect on the dissolution of his uric acid calculi. His urine pH may also have been changed by improved renal function after placement of the stent. Children with solitary kidneys are more susceptible to acidotic events after urinary obstruction. Relief of the obstruction may have resulted in autoalkalinization and stone dissolution.
Conclusion
In conclusion, we present a case of spontaneous resolution of urolithiasis in a child with unilateral renal agenesis. In this case, the spontaneous resolution occurred within 2.5 weeks in the absence of any targeted dissolution therapies. Spontaneous passage is unlikely given the significant stone burden at presentation. Despite the common belief that children can pass large stones, there is a paucity of literature supporting the passage of stones larger than 3.5 mm. Antibiotic therapy with trimethoprim, and/or autoalkalinization following relief of the obstruction with the ureteral stent could have played a role in stone resolution. Close follow-up will be required for early identification of any recurrence. In children with underlying genetic/metabolic abnormalities and a solitary kidney, consideration should be given to repeat imaging after stenting, but prior to stone intervention. Some clinicians may have approached this patient with percutaneous nephrolithotomy, which would have added additional morbidity but no value in our patient. Finally, further research regarding spontaneous passage and dissolution of large stones is warranted.
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